Background: Expenditures for medications used to treat attention-deficit/hyperactivity disorder (ADHD) in children have increased rapidly. Many employers and health plans have adopted 3-tier formularies in an attempt to control costs for these and other drugs.
S
EVERAL SAFE AND EFFICAcious pharmaceutical treatments are now available for attention-deficit/hyperactivity disorder (ADHD), one of the most common chronic conditions of childhood. 1 Numerous studies have shown that these medications are effective in controlling the principal symptoms of ADHD, including inattention, hyperactivity, and impulsiveness. 1 Although overall efficacy for the various medications is similar, even though some have the same active ingredient but use different pharmacologic delivery systems, the efficacy and effectiveness of different medications may not be the same for a given child with ADHD. 1, 2 The drugs also differ with respect to their duration of action. For example, the generic drug methylphenidate has a duration of action of 3 to 6 hours, which means that a child would have to take multiple doses during the school day. By contrast, Concerta (ALZA Corp, Mountain View, Calif) has a duration of action of approximately 12 hours, so a single dose could last throughout the day. 2 Differences in duration of action have implications for medication compliance, the possibility of breakthrough symptoms, and the potential for medication abuse and stigma. 2 These issues suggest that each medication possesses attributes that may affect the drug's suit-ability for treating a child given his or her clinical and life circumstances.
Spending on ADHD medications for children has increased rapidly over the past few years. From 2000 to 2003, children's ADHD medication expenditures increased 183% overall and 369% for children aged 5 years and younger. 3 As a result, these medications have become targets for cost-containment efforts by health plans and employers.
In response to recent rapid increases in prescription drug costs, many plans and employers have adopted incentive formularies. These formularies use copayment structures for consumers to encourage them to choose products that are cost-effective for the payer. Incentive formularies also enhance a health plan's bargaining power in obtaining favorable prices from drug manufacturers by offering them sales volume for preferred drugs. 4 A 3-tier formulary, now the most common type of incentive formulary, typically has the lowest copayment for generic drugs in the first tier, a higher copayment for brand-name drugs preferred by the payer in the second tier, and the highest copayment for brand-name drugs not preferred by the payer in the third tier. A 3-tier formulary implementation is often accompanied by copayment increases for drugs in all tiers. In 2004, 65% of workers with prescription drug coverage had a 3-tier formulary. 5 Adoption of a 3-tier formulary appears to attenuate increases in drug spending by health plans for adults and leads adult patients to change from nonpreferred to preferred brand-name drugs that treat chronic conditions. [6] [7] [8] [9] [10] [11] [12] A study of the same intervention examined in this article found that 3-tier formulary adoption and associated copayment increases resulted in medication changes and, more importantly, discontinuation by a sizeable proportion of adult patients using medication for several chronic conditions. 6 To our knowledge, no studies have assessed the impact of tiered formularies and accompanying copayment increases on use of psychotropic or other types of medications used commonly by children, for which the parent or guardian is the decision maker rather than the patient. We do not know whether families with children who have a chronic condition like ADHD will continue using medications that now require higher copayments, switch to lower-cost medications, or stop using the drugs altogether in response to the increased cost sharing. To address these questions, we examined a large, national employer's implementation and management of a 3-tier formulary for ADHD medications.
METHODS

STUDY POPULATION
We studied the use of prescription drugs used to treat ADHD in privately insured children, defined as individuals aged 18 years and younger. The employer who insures the study population contracts with a large managed care organization that offers preferred provider organization and point-of-service plans to its employees and their dependents. The managed care organization subcontracts with Medco Health Solutions Inc (Frank- lin Lakes, NJ), one of the largest pharmacy benefit managers in the United States, for the management of the pharmacy benefit in this study.
From 1999 to 2001, the employer made 2 important changes to its formulary for ADHD medications. First, in 2000, the employer made a major change to its pharmacy benefits, implementing a 3-tier formulary and an across-the-board increase in copayments. Before the changes, the employer used a 1-tier formulary that required the same copayment, $7 for 30-day prescriptions filled through a retail pharmacy and $15 for 90-day prescriptions filled through the pharmacy benefit manager's mailorder program, for all prescription drugs. The employer switched to a 3-tier formulary that increased copayment levels for all drugs. Under the new 3-tier formulary, a patient filling a prescription in a retail pharmacy would now pay $8 for generic drugs, $15 for brand-name drugs preferred by the plan, and $30 for brandname drugs not preferred by the plan. The copayments for the mail-order program were $16 for generic drugs, $30 for preferred brand-name drugs, and $60 for nonpreferred brandname drugs. The list of drugs covered by insurance did not change, just the copayments required for specific drugs.
The initial assignment of ADHD medications to each of the 3 tiers is presented in the first row of Table 1 . When the formulary changes were implemented in 2000, Adderall (Shire Pharmaceuticals Group, Wayne, Pa) was the only brandname drug listed in tier 2 and approximately 41% of children using ADHD medications were using Adderall. Adderall is a short-acting, immediate-release preparation of d,lamphetamine with a duration of action of 4 to 6 hours. 2 A generic version of Adderall, amphetamine mixture (amphetamine aspartate, amphetamine sulfate, dextroamphetamine saccharate, and dextroamphetamine sulfate), was available in tier 1 at that time. Generic versions of the tier 3 drugs were also available in tier 1, so the new policy provided incentives for families to select the generic version of brand drugs.
After 3-tier formulary implementation in 2000, several sustained-release and the first extended-release branded preparations received approval from the Food and Drug Administration and were added to tier 3, as is common with newly approved drugs. On April 7, 2001 , the second change to the formulary was implemented. After review by Medco's pharmacy and therapeutics committee, 3 of the brand-name drugs in tier 3, Metadate ER (Celltech Pharmaceuticals Inc, Rochester, NY), Methylin ER (Mallinckrodt, St Louis, Mo), and Concerta, were given preferred status and moved to tier 2. Metadate ER and Methylin ER are sustained-release preparations with a duration of action of 5 to 8 hours, while Concerta is an extended-release preparation with a duration of action of 12 hours. Several of the other longer-acting stimulants used to treat ADHD, eg, Adderall XR (Shire Pharmaceuticals Group) and Ritalin LA (Novartis Pharmaceuticals Corp, East Hanover, NJ) remained in tier 3.
We studied 20 326 children who were enrolled continuously for the 33-month period beginning April 1, 1999, and ending December 31, 2001. Of these children, 839 used an ADHD medication at some point during the 33-month study period.
SELECTION OF COMPARISON GROUP
We identified a comparison group of enrollees from a pool of more than 1000 employer clients of the managed care organization. Inclusion into the comparison group required an employer to have a 2-tier formulary with stable cost sharing throughout the study period; the number of employers using a 1-tier formulary with stable cost sharing was too low to form such a comparison group. A comparison group of employers (REPRINTED) ARCH GEN PSYCHIATRY/ VOL 62, APR 2005 WWW.ARCHGENPSYCHIATRY.COM 436 was identified using the JMP clustering algorithm (SAS version 4.0; SAS Institute Inc, Cary, NC). This process is similar to propensity score matching in that an exact match is not required on each item. 13 Matches were made on the basis of overall similarity across several characteristics: type of medical benefits offered (point-of-service and preferred provider organization for the intervention group); copayment levels for the first and second tiers similar to those used in the 3-tier formulary (eg, $8 generic,$15 brand for retail); age and sex distribution for the entire enrolled population (not just child enrollees); and geographic distribution of enrollees. The comparison group included 15776 children who were enrolled continuously during the study period. Of these children, 530 used ADHD medication at some point during that period.
DATA
We used eligibility files and pharmacy claims data obtained from Medco for the 33-month period beginning April 1, 1999, and ending December 31, 2001. The study period includes approximately the 9 months before and more than 1 year after 3-tier adoption and approximately the 9 months after the April 2001 tier changes. We did not reveal the exact implementation date during the year 2000 to protect the employer's anonymity.
STATISTICAL ANALYSIS
To assess the impact of the formulary changes on use and spending on ADHD medications, we estimate multivariate models of drug spending and examine use of specific medications.
Multivariate Analyses of Overall Use and Spending
The pre-and post-nonequivalent control design of the study lends itself to a difference-in-difference approach to control for general trends in pharmacy use and spending.
14 With the difference-in-difference approach, we accounted for any change in use and spending experienced by the comparison group in the pre-and post-estimate of change experienced by the intervention group. We estimated the 2-part models because most children do not use any medication for treatment of ADHD. 15 The first part consists of a logit model of the probability of using an ADHD medication in a given month. The second part involves estimation of 3 regression models of monthly spending (by the plan, the enrollee, and total) on ADHD medications for children who had some use of an ADHD medication during a given month. A logarithmic transformation of spending for people using the medications was used to address the skewness in the distribution of spending.
The key independent variables were the following: (1) an indicator for the post-formulary change period; (2) an indicator for the intervention group (relative to the comparison group); (3) the interaction of the post-change and intervention group variables; (4) an indicator for the period after the April 2001 tier changes; and (5) the interaction of the posttier change and intervention group variables. We included several covariates in the statistical models: subject age at the end of the study and its square, study month and its square to account for secular trends in the dependent variable, and sex. The squares of age and month were included to address potential nonlinearity in the impact of these variables on study outcomes. Because many children stop taking ADHD medications when school is out of session, we also include a dummy variable for the summer months of June and July to capture this seasonality in use. The person-month was the unit of analysis. We adjusted standard errors for clustering of multiple observations on the same person using Huber-White corrections. 16, 17 A key comparison for the intervention and comparison groups is the change in expected spending associated with 3-tier implementation. To estimate this, we combined results from each element of the 2-part model, the logit model on the probability of use, and the regression model of total spending conditional on use, to estimate expected total spending per enrollee. 18 From this we were able to calculate the difference-in-difference estimate for expected spending on ADHD drugs.
Descriptive Analyses of Use of Specific Medications
We studied children who filled at least two 30-day prescriptions for an ADHD medication in the 6 months before the for- mulary changes were adopted, with at least 1 day supplied in the 45 days before 3-tier adoption to ensure current use. We examined whether the intervention group medication users changed or stopped taking ADHD medications at a higher rate than the comparison group users in the 6 months after the changes. We also conducted a similar analysis of the effect of the April 2001 tier changes on medication use continuation, focusing on children using the drugs in the 6 months before the tier changes. Table 2 reports descriptive information for children in the intervention and comparison groups. The average monthly probability of using an ADHD medication in the 6 months before the formulary changes was higher for the intervention group than for the comparison group (PϽ.001). There were no statistically significant differences between the 2 groups in age or sex.
RESULTS
The Figure shows trends in monthly total spending on drugs used to treat ADHD throughout the study period. Trends in pre-period spending per enrollee are similar for the intervention and comparison groups. This is important because a central assumption of the differencein-difference model is that trends for intervention and comparison groups are similar in the pre-intervention period. Monthly expenditures decrease during the summer months and increase again at the end of each summer, consistent with the fact that some families choose to discontinue ADHD medication use by their children when school is not in session.
OVERALL ADHD MEDICATION USE AND SPENDING
A 3-tier adoption resulted in a statistically significant slowdown in the rate of growth in the monthly predicted probability of using an ADHD medication for the intervention group relative to the comparison group (−17%) and a 20% decrease in expected total spending per enrollee for ADHD medications ( Table 3) . A 3-tier adoption did not have a statistically significant effect on total (plan plus enrollee) ADHD medication spending for children who filled a prescription for 1 of these drugs but had a substantial effect on the distribution of medication spending between the plan and the patient's family. Monthly plan spending for ADHD medication users decreased by 43% (PϽ.001) relative to that of the comparison group, while monthly enrollee spending for users increased by 46% (PϽ.001) relative to that of the comparison group. As a sensitivity analysis, we estimated the same models using data beginning April 1, 1999, and ending March 30, 2001, the month before 3 ADHD brand-name drugs were moved from tier 3 to tier 2. Results were consistent with those from the 33-month study period presented in this article. The April 2001 tier changes had the opposite effect on the distribution of spending among ADHD medication users as 3-tier formulary adoption. As with 3-tier adoption, the tier changes had no statistically significant effect on total spending among users; however, the tier changes resulted in plan spending increases (17%, PϽ.001) and enrollee spending decreases (−7%, PϽ.001), relative to the comparison group. Table 4 shows changes in drug use patterns for children who used an ADHD medication before each of the 2 formulary changes. In the 6 months after 3-tier formulary adoption, a lower proportion of intervention group users than comparison group users stayed with a medication of the same tier (80% vs 85%, P=.17) and a higher proportion of intervention group users changed to a drug of a different tier (11% vs 6%, P=.08), although the differences were not statistically significant at standard levels. Rates of discontinuing use of ADHD medications in the 6 months after adoption were virtually identical (9%) for both groups.
USE OF SPECIFIC MEDICATIONS
After the April 2001 tier changes, the proportion of intervention and comparison group users that continued taking medication of the same tier was the same, approximately 64%. There were also no statistically significant differences in the proportions of users changing and discontinuing use of medications.
COMMENT
Implementation of 3-tier formularies are intended to help control prescription drug costs by encouraging enrollees and their physicians to select drugs that are preferred by the plan. By moving prescription volume toward a subset of drugs in a class, the plan may negotiate larger rebates from manufacturers, further lowering drug costs.
The employer we studied made a major change in its pharmacy benefits by moving from a 1-tier to a 3-tier formulary and implementing an across-the-board copayment increase. These changes resulted in a decrease in expected total ADHD medication expenditures per enrollee and a substantial shifting of ADHD medication costs from the plan to the family. Three-tier adoption also resulted in a decrease in the probability of using an ADHD medication but did not lead to higher rates of medication use discontinuation, which suggests that the decrease in probability of use may be driven by lower rates of medication initiation. An important question to consider is whether such reduction in use was clinically appropriate. We were unable to make this determination using claims data. The results also indicate that 3-tier adoption led to a higher rate of medication changes for pre-period medication users in the intervention group (P = .08), but the absolute proportion of patients who changed medication (11%) was relatively low. The ability to shift demand is important because manufacturers are otherwise unlikely to be willing to negotiate large rebates.
Only 1 brand-name drug, Adderall, was assigned tier 2 status at the same time as the 3-tier formulary implementation, and this drug had a generic version available in tier 1. Since there was a generic version available, this policy may have primarily been intended to provide incentives for patients who took Adderall to switch to the generic amphetamine mixture and pay an $8 copayment instead of $15.
The April 2001 tier changes added 3 longer-acting drugs to tier 2 for which there was not a comparable generic alternative available in tier 1. Although the tier changes resulted in an increase in plan spending and a small decrease in enrollee spending for intervention group users relative to comparison group users, these changes did not appear to affect rates of medication change or discontinuation of use.
These results differ from the results of a similar analysis of 3 drug classes used to treat chronic conditions in adults (angiotensin-converting enzyme inhibitors, proton pump inhibitors, and 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors or statins). 6 Although only 18% of children who used a tier 3 ADHD medication in the 6 months before 3-tier adoption (and thus faced the largest increase in copayments) changed to a lower-tier medication, between one third and one half of pre-period tier 3 users of the 3 adult drug classes changed to a lower-tier medication; the rate of changing medications was significantly higher for the intervention than for the comparison group. One potential explanation is that parents of ongoing users of ADHD medications may be reluctant to request a medication change in response to the cost-sharing increases if the current treatment regimen has proven effective for the child.
Our study had several limitations. We were unable to obtain proprietary data on changes in the magnitude of manufacturer rebates that may have resulted from the formulary changes. As a result, our estimates of the effect of the changes on plan and total spending are likely to Abbreviations: ADHD, attention-deficit/hyperactivity disorder; NA, not applicable.
*The change in expected total spending per enrollee is estimated by combining the results from the 2 parts of the model, the logit model of the probability of use and the regression model of total spending conditional on use. Estimates of expected total spending per enrollee and the predicted probability of using an ADHD medication are not provided in the tier change column because there is no appropriate comparison group (ie, employers with a 3-tier formulary that did not make tier changes during the study period). For the regression models of total, plan, and enrollee spending conditional on use, we transformed the coefficients from the same variable to obtain estimates of the percent change in spending. Figure.
Monthly total spending on attention-deficit/hyperactivity disorder medications for children aged 18 years and younger.
(REPRINTED) ARCH GEN PSYCHIATRY/ VOL 62, APR 2005 WWW.ARCHGENPSYCHIATRY.COM 439 be underestimated. The study lacked the statistical power to determine precise differences in patterns of use when using relatively restrictive criteria for identifying a medication user. Ideally, we would compare drugs used to treat ADHD with other classes of long-term-use medications used commonly by children to determine whether parents and physicians are particularly reluctant to change ADHD medications (or perhaps psychotropics more generally) or whether results would be similar for all medications used for children. However, many drug classes often given to children, like antibiotics, are used to treat episodic or acute conditions. The only other class of drugs used to treat chronic conditions with use rates that are high enough to study with our sample is asthma medications. However, the drugs in this class are often not included in incentive formularies since the therapeutic substitutability of different types of agents is considered to be limited. This study examines the experience of a single employer with a primarily hourly workforce that made a dramatic change to its pharmacy benefits and a comparison group of employers with stable pharmacy benefits. Our findings may not be generalizable to other employers, particularly those who make less dramatic changes in formulary and benefit design. We cannot be sure that the groups do not differ in terms of unobservable characteristics, such as income, that could influence the effect of the policy changes. However, the study design was chosen to protect against such influences if they are stable over time. Finally, the study period ended before the introduction of Strattera (Eli Lilly and Co, Indianapolis, Ind), a nonstimulant medication used to treat ADHD, so we were unable to assess the effect of formulary changes on use of this drug.
In conclusion, the relatively dramatic change in costsharing requirements resulting from 1 employer's adoption of a 3-tier formulary reduced the rate of growth in use of ADHD medications but did not cause most ongoing users to substantially change their patterns of medication use, relative to the comparison group. The overall result of the changes was to shift costs onto families of children receiving ADHD medication therapy. The subsequent movement of 3 longer-acting medications from tier 3 to tier 2 reversed a portion of the cost shifting by increasing plan spending and somewhat decreasing family spending but had no effect on continued medication use. Because incentive formularies differ on a number of key dimensions that are likely to influence drug use and spending patterns for children with ADHD, case studies of other incentive formularies are needed to understand the impact of these arrangements on children with ADHD and their families. These studies should examine the effect of incentive formularies on drug use and spending patterns, as well as other important outcomes including educational outcomes, self-esteem, and relationships with family and peers. Abbreviation: ADHD, attention-deficit/hyperactivity disorder. *The first panel of the table includes all children who filled at least two 30-day prescriptions for an ADHD medication, with at least 1 day supplied in the 45 days immediately preceding 3-tier adoption. The second panel includes all children who filled at least two 30-day prescriptions for an ADHD medication, with at least 1 day supplied in the 45 days immediately preceding the April 2001 tier changes. Stay indicates that the child continued using a drug of the same tier; change, that the child changed tiers (ie, switched from using Ն1 drug of a given tier to using Ն1 drug in another tier); and stop, that the child did not use any ADHD medications during the 6 months after the changes. This table does not include children using ADHD medications from more than 1 tier in the 6 months before the respective changes. 
